There is now considerable evidence, particularly in maize and in Drosophila, for the existence of factors which influence the rates of mutation of genes. 1 2 The interpretations which have been offered are varied and involve, for example, mutator genes, heterochromatin, or even infective, virus-like particles. Although much still remains to be done, the study of these phenomena constitutes one approach to the general problem of the nature of gene action.
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The present paper is concerned with the evidence for the existence of analogous effects in a micro6rganism, a variant of the well-known K12 strain of Escherichia coli.3 Our recognition of the special properties of this bacterial variant is not without its instructive, even amusing aspects: in the course of an investigation on possible changes in the nutritive requirements of bacteria after selection for drug resistance, we had observed that a number of streptomycin-resistant K12 stocks acquired a need for one or more amino acids before growth ensued. In one series a requirement for phenylalanine was indicated for a number of independent isolates, in a frequency somewhat beyond that expected by chance. To investigate further this apparent association, we then determined the resistance of a stock phenylalanine-requiring K12 auxotroph which had not previously been in contact with streptomycin. At the inoculum dilution used, the culture appeared completely resistant to streptomyein, inocula of 0.1 ml. of full-grown culture growing out in subcVltures containing 100 ,ug. or more streptomycin per milliliter, while other K12 stocks did not grow in drug concentrations beyond [5] [6] [7] [8] [9] [10] jug. This appeared to be a verification of our working hypothesis concerning phenylalanine requirement and increased resistance to streptomycin.
Further investigation, with greater dilutions of the culture, revealed, however, that we were dealing not with a high level of resistance for the average organism in the culture but rather with an unusually high rate of mutation to resistance, which resulted in an exceptional number of resistant organisms in an otherwise susceptible population. Of (Biotin + phenylalanine + cystine requirer, normal rate of mutation)
NOTE: The designation M* will be applied below to the culture stocks which exhibit increased rates of mutation.
All the above organisms, except stock 58-278, were kindly supplied to us by our colleague, Dr. David Bonner. In the initial stage of this investigation, the fact that the unique properties of stock 58-278 M* were apparently acquired (by mutation?) during the culture passages was not appreciated, since the full chart had not been plotted. After the observation that stock Y24, which we had assumed to have been derived directly from stock 58-278 M* by further irradiation, did not possess exceptional mutating properties, the above chart was reconstructed from the records, and an effort was made to locate a sample of stock 58-278 which had not been passaged and which should therefore be more directly in the true line of descent than stock 58-278 M*. We were fortunate in that an original lyophilized sample of stock 58-278 meeting these requirements could be contributed by Professor E. L. Tatum, of Stanford University, who had preserved it from the above irradiation experiments, which he had conducted while still at Yale University. On test (see below), this culture was found to have only the normal, wild-type rate of mutation to streptomycin resistance. While this finding threw no light on the mechanism of origin of the high-mutating properties of stock 58-278 M* (except to suggest that they arose during the maintenance passages of the latter subline), it did account satisfactorily for the negative findings for stock Y24. As will be noted further below, the high-mutating properties, once introduced into a culture, are quite stable and persist even after further irradiation. Their vidual microorganism possesses a considerable resistance, and practically the same dilution end-points are exhibited in plain and in drug-containing media. The behaviors of these three types of cultures, as estimated in part from other data given below, are illustrated in Table 1 . Table 2 is the average of two plate counts. The large variance for the counts on drug agar, in contrast to the small variance for the total count, in these determinations, for a series of cultures originating from common small inocula, may be taken as evidence for the random origin of the resistant forms.5' 6 In a variation of this experiment, a culture of 58-278 M* was plated on brain heart agar, and, after incubation, eight typical colonies were picked and each resuspended in separate 0.5-ml. portions of water. These inocula were then each diluted serially, by tenfold steps, through sets of broth tubes. After the latter had been incubated, the last tube in each set which showed growth was identified. It could be assumed, from the manner of preparation, that each represented a culture begun with ten, or less, organisms. These eight secondary cultures were then plated (in appropriate dilutions) on plain agar and on agar containing 100 ,ug. streptomycin per milliliter. The statistical measures obtained were as follows: total count, mean = 4.7 X 108, with variance 1.7 times the mean; resistant count, 2.8 X 101, with variance 20.1 times the mean. This difference in the variance ratios leads to the same conclusion as the previous experiment.
Mutation Rates to Streptomycin Resistance.-These were determined from the number of tubes which contained no resistant variants.5 The inocula used varied from 10 to 500 organisms in the different experiments; they were checked by plate counts in each instance.
For the determination of the mutation rates of all the "normal" comparison cultures, 1.0 ml. of undiluted brain heart broth was used for each tube in the set. For the M* cultures the broth was diluted 1: 300 before inoculation, so as to reduce the final density; without this step, the density in each tube would be such as to result in a hundred or more resistant organisms, and the invariable positive scores would preclude quantitative evaluation of the rate.
Following incubation to final density, all tubes were diluted with 5-10 volumes of broth containing streptomycin; those failing to show secondary growth after reincubation were scored as negative. When difficulty was experienced in reading, the contents of a tube were streaked on streptomycin agar for verification of the absence of resistant forms. The rates determined are tabulated in Table 3 ; that for the "high-mutating" or M* strain is seen to be about one hundred times the "normal" rate. Although the evidence appeared conclusive that a requirement for either biotin or phenylalanine was not invariably, or even frequently, associated with the initiation of a high mutational rate, there still remained the possibility that these particular requirements were in some way essential for its maintenance, once it had been estatblished. The invalidity of this second hypothesis could readily be proved b'y recombination experiments, through which the auxotrophic requirements could be removed without disturbing the high-mutational characteristics.
For these, the original procedure of Tatum and Lederberg3 was followed. The first cross effected was as shown below:
Biotin-, phenylalanine-, M* X Threonine-, leucine-, non-M* (58-278 M*) Recombination conditions, with 4 final screening on minimal agar 24 prototrophs, all M* This cross has since been repeated in a number of experiments, with yields of hundreds of prototrophs of similar characteristics. In addition, it is possible by irradiation of the prototrophs to introduce new auxotrophic markers without disturbance of the M* characteristic. When some of these new auxotrophs are recombined with certain other non-M* cultures, not all the resulting recombinants are found to possess the M* characteristic. This behavior, which will be reported in more detail elsewhere, is not, however, necessarily in conflict with other data reported here on the stability of the M* characteristic but may merely reflect differences in segregation, such as have been reported for other crosses.7' 8 Mention should be made here of another observation made early which is of some interest. When the original culture of 58-278 M* was received, it was plated on agar and found to give rise to both small and large colonies. The high-mutational characteristics and the ability to recombine were limited to the latter colonies, which then constituted our stock 58-278 M* for subsequent experiments. The small colonies, designated 58-278 B (Table 3) , not only possessed the normal mutational rate but, unlike culture 58-278 itself, gave no prototrophs in recombination experiments. This observation, which was anomalous at the time, may now be viewed in the light of recent work on strain polarity.7' 8 Experiments to test this are now in progress.
Specificity of the High-mutational Effect.-A survey was made of seventy-eight cultures isolated as E. coli in the clinical laboratory of our hospital, utilizing as screening technique any unusual numbers of resistant organisms which appeared after plating on streptomycin agar (100 j.tg. per milliliter). Some twenty such cultures yielded significant numbers of colonies, although most yielded none at all. As might be expected from the procedure used, most of these high positive scores were due to sampling variations, in which there was by chance a resistant mutant initially present or a mutation had occurred early during growth, and on replication of these with larger numbers of independent culture tubes no unusual number of resistant organisms appeared. Two stocks did, however, give positive scores on this confirmatory test, and, although one gave variable results on further repetitions, it is likely that one or both of these represent cultures which have mutation rates to streptomycin resistance significantly above the average. Unfortunately, these cultures were discarded before the more general properties of stock 58-278 M* were ascertained, and it therefore cannot be stated whether or not the high mutational rate of these other coliforms is limited to streptomycin resistance.
Although the present report deals largely with the latter characteristic, as has just been suggested the unusual features of stock 58-278 M* embrace a wider range. Thus it appears from preliminary experiments involving platings on agar containing various agents that from ten to several hundred times as many colonies appear from the MI* stocks as arise from the normal comparison strains. Included in this respect are resistances to diverse agents, including chloramphenicol, sodium fluoride, or certain T phages, such as TI, T4, T5, or T3h. Mutations to abilities (or reversals from abilities) to ferment certain sugars, particularly xylose, also appear to be increased. Significantly, however, the rate of mutation to resistance to phage T2 appears to be entirely in the "normal" range, as judged by comparisons with stock 58-278 and the wild type. This is the sole exception so far encountered
The further quantitation of most of these proeesses is entirely feasible, and experiments to this end are now under way. The possibility of differential selective effects9 may make simple colony comparisons unreliable, however, and the more laborious mutation-rate determinations must ultimately be made, as has been done above for streptomycin resistance. With proper design, such data should be independent of any selective forces which might bias the rate determinations.
The fact that selective effects alone are not responsible for the larger number of mutants observed in the M* stocks, as contrasted with the non-M* stocks, could readily be demonstrated by specially designed reconstruction experiments. In these, inocula of a resistant stock which contained either 0.5-2.0 or 5-20 organisms were introduced into tubes containing 109 "susceptibles" of stock 58-278, and streptomycin was then added. In all instances resistant organisms were recovered in the same frequency as for inocula of the resistant stocks alone, in plain broth. In its preparation this resistant stock, derived from culture 58-278, had been given only one purification transfer in streptomycin, so as to militate against any selective forces, except for resistance, which woould differentiate it from its parental stock. We may therefore conclude that in the present instance even a very small number of resistant varianits derived from stock 58-278 can grow out in the presence of a large number of "sensitives," and hence the lower mutation rate for this non-M* culture is not due to a masking effect, or to false negatives. Al Although the numbers of resistanit forms produced may be suffieient to effect, with some tests, a scoring as a "resistant" culture, they may not be numerous enough to affect the clini(al course unider chemotherapy, in situationis in which cellular or humoral immunity cani dispose of the majoiity of the organiims presenit. Oni the other hand, where the clinical situation demands that all organisms be checked by chemotherapy alone, the high rate of production of resistant forms may have serious consequences, even though the laboratory test indicates that the bulk of the culture population is sensitive.
The potentialities for the use of the high-mutating factor, here tentatively considered to be a mutator gene, in the exploration of problems in microbial genetics have scarcely been realized. Fortunately for laboratory work, this characteristic appears to be quite stable and has been preserved during dozens of culture transfers over a period of three years; this is in marked contrast to the lability of some mutator genes in higher forms. ' The nonuniiformity of the increases in mutation rates to different states, apparently the result of mediation by the mutator gene, is a matter of some interest. Further quantitation is, however, needed before valid comparisons with linkage data and map distances can be made. The zero effect recorded in the case of mutation to resistanee to phage T2 is of especial interest here; in higher forms there is evidence that mutator genes may influence the mutation of genles located in different chromosomes.1 2 The unequivocal interpretation of quantitative data for M1* and non-M* comparison strains is not simple and often involves additional information which is not readily available. Thus, even if differences in the mutation rates appear for some phenotypic changes, it is not always readily ascertainable whether these are due to comparable genic changes or whether there may not be factors other than the mere presence or absence of the mutator gene which are quantitatively influencing the observed rates. Experiments recogniizing this difficulty are now under way and, if successful, should permit a more exact delineation of the mutator gene properties in E. coli, strain K12.
